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SUMMARY

AIRLOADS is a new computer program developed to determine the

oscillatory airloads distribution imposed on the blades of

turbosystems operating in spatially non-uniform Inflow fields. The

spatial non-uniformities are considered to be small deviations from

principally uniform inflow. The spatial non-unlformitles are

considered to be small deviations from a principally uniform inflow.

The special case of turbosystems placed in uniform inflow fields with

their axis of rotation misaligned at small angles with the inflow is

also addressed.

Subsonic and supersonic two dlmensional cascade unsteady

aerodynamic theories are utilized to generate the applied airloads on

the blade in a strip theory manner. Airloads for cascades with

transonic relative inflows are llnearly interpolated.

The program can be used as a stand-alone pre-processor to the

general purpose finite element program NASTRAN in conducting modal

flutter and aerodynamically forced vibration analyses of

turbosystems. Both Case Control and Bulk Data Decks card-image files

are generated for direct inclusion in NASTRAN response analysis.

All aspects of the AIRLOADS program are presented in this report.

AIRLOADS is operational on the CRAY I-S computer system at NASA's

Lewis Research Center.

The work was conducted under Contract NAS3-24387 from NASA LeRC,

Cleveland, Ohio, with Mrs. Marsha Nall as the Project Monitor.
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1. INTRODUCTION

AIRLOADS is a new computer program developed to determine the

oscillatory airloads distribution imposed on the blades of

turbosystems operating in spatlally non-unlform steady Inflow

fields.

The airloads constitute loads that are,

le

2.

3.

derived from aerodynamic sources�causes,

externally applled to the turbosystem blades, and

not affected by the oscillatory motion of the blades.

The program also addresses the speclal case of turbosystems

placed in uniform flow fields with their axis of rotation

misaligned at small angles with the Inflow.

For a turbosystem with swept or unswept blades, and with a rigid

or flexible hub or disk, the alrloads are computed at a given

operating condition.

The blade is spanned by a number of non-intersecting chords as

shown in Figure I.I. Each chord is subdivided into a number of

grid points from the leadlng edge to the traillng edge. The

airloads are calculated at each of these grid points in terms of

components directed along the displacement coordinate system axes

at the grid point.

Subsonic and supersonic two-dimensional cascade unsteady
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I
I

I
I

Figure i.I Sample Aerodynamic Grid

for AIRLOADS Program

I



aerodynamic theories are utilized to generate the applied alrloads

on the blade. Airloads for cascades With transonic relative

inflows are linearly interpolated or extrap01ated.

The program can be used as a stand-alone pre-processor to the

general purpose finite element program NASTRAN in conducting modal

flutter and aerodynamlcally forced vibration analyses of

turbosystems (Refs. 1 through 4).

Theoretical aspects of the program are presented in Section 2.

Program usage is discussed in Section 3.

Details of using the AIRLOADS program as a pre-processor to

NASTRAN are given in Section 4.

Program structure is described in Section 5.

Sample examples illustrating the use of the AIRLOADS program are

presented in Section 6.

I

I

I

!
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2. THEORY

I
I

I
I
I

I

2.1 GENERAL

Theoretical aspects of generating the applied oscillatory

aerodynamic loads on the blades of turbosystems due to

oscillatory relative inflow is discussed in this section.

A rotating turbosystem placed in a spatially non-uniform

inflow, or in a uniform inflow with its axis of rotation

misaligned with inflow direction, experiences oscillatory

relative inflow.

I
The resultant oscillatory airloads are computed by the use of

subsonic and supersonic 2-d cascade unsteady aerodynamic theories

l (Refs. 5 and 6). Accordingly, the aerodynamic model of the blade

comprises non-lntersectlng strips as shown in Figure 2.1. The

I swept blade of an advanced turboprop is shown as an example. The

analytical development is equally applicable to unswept blades.

I

I
I

The computation of the oscillatory airloads is carried out in

the following four steps:

I
I

I

. For a given chord, sinusoidal gust amplitudes, frequencies,

and other aerodynamic excitation parameters ( Appendix A ),

are determined based on the relative inflow variations as the

blades go through one revolution.

4
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Structural Model

Aerodynamic Model

Leading

Edge

Figure 2.1

Swept chord and its

associated strip (shaded)

.-_Axis of rotation

Swept Chord and Associated Strip
for 2-D Cascade Theories (Ref. 3)

5
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. Subsonic or supersonic theory with appropriate gust inputs

from step 1 Is used to determine oscillatory pressure

distributions on the chord.

. The unsteady pressure distribution on the blade strip

associated with the chord is transformed to loads at the

finite element structural grid on the chord.

. Steps 1 through 3 are repeated for all chords spanning the

blade.

After establishing the relative inflow velocity to be either

subsonic, transonic, or supersonic from step 1, step 2 is merely

an application of the appropriate theory. In case of transonic

relative inflow, the airloads for that chord are interpolated

from adjacent non-transonic chords. Steps 1 and 3 are discussed

further in the following sections.

2.2 GUST AMPLITUDES AND FREQUENCIES OF OSCILLATORY

RELATIVE INFLOW

The problem of determining the amplitude and frequency contents

of oscillatory relative inflow gusts can be accomplished in four

steps-.

I. At the leading edge point A of any chord • (Figure 2.2),

the relative inflow velocity is determined as a function of

time t (at discrete time instances) during one revolution of

the turboprop rotating at a constant angular velocity xL.

(Definitions of all relevant coordinate systems are contained

in Appendix B).

6
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2. At each time step, the relative inflow velocity can beI resolved into _ _ , and _ components of the local

I chord coordinate system (Figure 2.2 ).

I

I

I

I
I
I

Component along _ is the cascade relative inflow

velocity. Component along _ is the gust velocity.

Component along _ is the radlal velocity, which is

ignored in 2-d cascade aerodynamics.

3. A Fourier series decomposition in ul_ of

a) the velocity component along _ yields the cascade

mean relative inflow velocity as the constant term of

the Fourier series (along AB, Figure 2.2). This is used

to determine the relative Mach number and select the

I

I

appropriate aerodynamic theory.

b) the velocity component along _f yields the necessary

sinusoidal gust amplitudes and frequencies which are

I

I

subsequently input to appropriate oscillatory inflow

aerodynamic theories.

4. Steps 1 through 3 are repeated for all chords spanning the

I
I

I
I

blade to determine the oscillatory pressure distribution over

the entire blade surface.

Referring to Figure 2.2, the relative inflow velocity at the

leading edge point A on the chord K, expressed in the chord

coordinate system, is

I

I
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I
t

I In equation (i), the position vector is

I
and the coordinate transformations are

I

II [ T_L

I
O)

(_

I
I

I
I

T_:

[ T rl_ ] =

I Select.ing the

I

q;ll q;n. Cr_

1 o o

0 co._J%C s;, .n.¢

o - $;_.,_'t; co$-¢'t.

angular velocity -_ to be

A

= _O_I = _II
I e )

equation (i) reduces to

O)

(_)

(_)

I

I
I



where

For clarity of presentation, further development is separated

into that for uniform and non-uniform inflows.

2.2.1 Uniform Inflow

I

I
I

I
I

In the uniform inflow case, the turbosystem axis of rotation

is inclined at an angle _ with the uniform inflow velocity as

shown in Figure ._B..2.The transformation from the tunnel to the

inertial coordinate system (equation (4)) becomes

cos"( o -s;-_(

o 1 o

s_-_" o con'

I with the uniform inflow velocity given by

I

I
I

o

I0

0o)

!



Substitution of equations (I0), (9), (5) and (3) in equation

I (7) yields the constant (independent of ul_ ) part of (VA)_ ,

I and the oscillating (function of -_ ) part of (VA)_ as

12:_ J .
- -.V - "_T a _'*.1

I The equivalent complex representation of equation (12) is

I _ _r _,zz " i'z3 >

Equation (11) defines the cascade relative Inflow velocity for

the chord E, whereas equation (13) describes the incoming gust

velocity at the frequency ..EL.

2.2.2 Non-Uniform Inflow

Equation (7), in its most general form, yields the expressions

for the cascade relative inflow velocity and the gust velocity.

i The cascade inflow velocity is

I <v,%_- _. (._,,)_._- _,.(,,,A)_T + _,_(wA),T

I
I

where glj's are the elements of the transformation G (equation

Ii



l

g 8) , with

Ok)

I The incoming gust velocity is '

1

where

_- (_ [-%._;._ _. (zl)

(2.7.)

Both (VA)_
(equation (15)) and (VA)_ (equation (19)) are

12



il
periodic functions of the azimuthal angle _i_, with a maximum

period of I_ as the blade completes one revolutlon in spatially

non-uniform absolute inflow field. Each of these velocities can

be expanded as finite Fourier series

I The coefficients f o ' f_=' and f_s are determined by knowing

f at M equally spaced intervals between 0 and IT • The upper

I limit of harmonics , P , is given by

II - _I/2.

, , C_+)
_v_

#

I In the non-uniform inflow case, the component off o (VA)_

is taken as the constant part of the cascade relative inflow

I velocity. For a selected harmonic p , the oscillating part of

i {VA)_ is written _s, /•fpc +"#i'-' e

I

I

with

t_,,_I, = _:_,,/ ;_

I The excitation frequency correspondingly is _.C_.

I

I
13
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I

2.3 GRID POINT LOADS FROM OSCILLATORY PRESSURE

DISTRIBUTION ALONG CHORD

I

I
I

I

The subsonic and supersonic aerodynamic routines compute the

oscillatory pressure distribution at a number of points between

the leading and trailing edges of a given chord. These points

are generally distinct from the structural grid points at which

the applied airloads are desired.

To obtain the loads at structural grid points, the chord is

divided into a number of segments as shown in Figure 2.3. For

each of

I + _ , are calculated. As an example, for the G_ G 3

_L

where _ = _'_3- w'_z , and

i with the given chord.

the segments, the loads at its ends, directed along

segment,

(27)

bY is strip width associated

I Furthermore, the load at grid point for instance,G 2 ,

comprises the algebraic sum of those contributed by segments

I G I G z and G _G 3 .

I

I

I

I 14

I



I

I Cascade of blades

---- at any conical . '

I (or cylindrical} section
of turboprop

-- n=N

_ n_l_,-----Reference blade

I Inflow _/ -- /n=2 " "

I x Structural grid points at

which applied oscillatory

I / 7 airloads are desired

!

!

!
I

I /----Amplitude of real or imaginary

//part of pressure distribution,

I /
dP

I

A -

6.

I
I
I

I
Figure 2.3 Transformation of Oscillatory Pressure

Distribution to Loads at Structural
Grid Points

I

I
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Finally, the applied alrload at any grid point g is obtained,

in the displacement (global) coordinate system at that grld

point, as

(29)

where the grld point load, expressed in the local ( chord )

coordinate system, is

I

I :_
I
I
I

I
I

I
I

I
I

I
I

equations (27) and (28).

0

0

grid point g is carried out using

16
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3. PROGRAM USAGE

3.1 GENERAL

The source of the AIRLOADS program on the CRAY 1-S computer system

at NASA LeRC is called AIRSRCE . It is made available in the UPDATE

Program Library format for easy and direct access to any

subprogram{s).

The executable version of the AIRLOADS program on the CRAY is

called AIRLOAD .

The program READs one user input data file from UNIT 5.

The program WRITEs one output file, containing all printed output,

to UNIT 6.

If the program is run as a pre-processor to NASTRAN by requesting

it ( AIRLOAD ) to output NASTRAN input data, the program also

WRITEs,

i. NASTRAN Case Control Deck data to UNIT 7, and

2. NASTRAN Bulk Data Deck data to UNIT 8.

This information can be used to approprlately setup the

installation-dependent JCL to use the AIRLOAD program.

Preparation of the user input data file is discussed in detall in

17



the following subsections.

i

I
I

I
I

I
I

I
I

I
I

I
I

I
I
I

3.2 INPUT DATA
i

The entire input data for the AIRLOADS program consists of two

parts:

i. Title Data, and

2. Problem Data .

The Title Data consists of the first two cards, and contains title

and subtitle information.

The res____tof the data from {and including} the third card on forms

the Problem Data.

3.2.1 Title Data

The Title Data consisting of the TITLE and SUBTITLE cards is used

to print the title and subtitle information on the first two lines

of every page of the printed output.

The Title Data cards are free-field in format and are described in

Section 3.3 .

18
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I

3.2.2 Problem Data

The Problem Data contains al___lof the information required for the

computation of the oscillatory airloads on the blades.

The format of the Problem Data cards is identical to that of the

NASTRAN bulk data cards (Ref. 7). The 80 columns of each card are

divided into 10 equal fields. The data within a field can be

located anywhere in the fleld without any imbedded blanks. Real

numbers can be specified in F, E, or D formats. When using E or D

formats, the letters E or D must be included..These data cards

offer the user the same convenience, flexibility and generallty that

is offered by the NASTRAN single-field bulk data cards.

Double-field data is, however, permitted on CORD2C, CORD2R, CORD2S,

GRDSET, and GRID Problem Data cards.

When using continuation cards, the tenth field of the parent card

must be identical to the first field of the continuation card. The

continuation cards must immediately follow the parent card. Comment

cards ($), however, are allowed to intervene.

The Problem Data cards are described in Section 3.4 .

The first two cards in the Problem Data (i.e., the third and

fourth cards in the entire data) must be the NLINES card and the

FLOTYP card (in either order).

The res___tof the Problem Data cards can be in any order, with the

19



following three requirements:

1. GRDSET card, if used, must precede all GRID cards.

. STREAML3 card must precede the GRID points identified on the

card.

. STREANL4 card, for a given streamllne, must precede all STREAML5

cards {if used) for that streamllne. The STREAML5 cards

themselves, for that streamline, could be in any order.

It should be noted that during the processing of the input data,

1. if the number of STREAML3 cards encountered equals NLINESf an__d,

e if all GRID point cards, collectively identified on all STY3

cards, have been encountered,

!

!

then the next GRID card, if present, is considered to mark the end

of Problem Data. (Any subsequent cards are ignored.). Otherwise,

input data processing continues until an end of file is

l encountered. This feature is designed for user convenience in that
the user does not have to trim the (generally large) GRID data down

! to that referenced by STREAML3 cards.

!

!

The requirements for the indlvldual Problem Data cards are

explained under their descriptions in Section 3.4 .

A summary of alll Input Data Cards for uniform and non-uniform

! inflow cases is presented in Table 3.1.

!

!

!
2O



Table 3.1 Summary of All Input Data Cards

Input Data Card Uniform Inflow Non-Unlform Inflow Default

I

I
I

I
I

I
I

I
I

I
I
I

TITLE Required Required

SUBTITLE Required Required
$ Optional Optional

CORD2C Optional Optlonal

CORD2R Optional optlonal

CORD2S Optlonal optlonal

FLOTYP Required Required
GRDSET Optional Optional

GRID Required Required

HUBTYP optional Optlonal
INCANG Required Not Used

IREF optional Optional
MNNACH optional optional

MNPERREV Not Used Optional

MXMACH Optional Optional

NASOUT Optlonal Optlonal

NLINES Required Required

NSEGS Required Required

PREVLIST Not Used Optional

RPS Required Required

SSOUND Required Required

STREAML3 Required Required
STREAML4 Required Required

STREAML5 Not Used Required

TNLCID Not Used Optional

21
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I
I

I
I

I
I

I

I
I
I

I
I

I
I

I
I
I

3.3 TITLE DATA CARDS
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Title Data Card Title

Description: Defines a title that appears on the first llne of

each page of the printed output.

Format and Example:

Any legitimate characters in columns I through 80

THIS IS THE PROBLEM TITLE

I
I

I
i

I
I
I

I
I

I
I

I
I

Remarks: 1. The title card is a free-fleld card.

2. The very first card in the entire data is considered
to be the title card.

3. This card is required.
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I

I

I

I

Subtitle Data Card Subtltle

Description: Defines a subtitle that appears on the second llne of

each page of the printed output.

Format and Example:

Any legitimate characters in columns 1 through 80

THIS IS THE PROBLEM SUBTITLEI

i
I
I

I
I
I

I
I

I
I

I
I
I

Remarks: I. The subtitle card is a free-field card.

2. The second card in the entire data is considered to be

the subtitle card.

3. This card is required.
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I
I
I
I

I

I
I

I

I
I
I

I

I
I
I

I
I
I

3.4 PROBLEM DATA CARDS
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Problem Data Card $ Comment

Descry: Providesa means for the user tom--aterial into the data
insert commentary

Format and Example:
1 2 3 4 5 6 7 8 9

I
I
I

I
I
I

I

I
I
I

I
I

I

i0

followed by any legitimate characters in columns 2 through 80

THIS IS A COMMENT CARD

Remarks: I. The $ must be in column 1.

. The comment card appears in the input data echo,

but is otherwise ignored by the program.

Q The comment card may be inserted anywhere in the
problem data.
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Problem Data Card CORD2C Cylindrical Coordinate System
Definition

Description: Defines a cyllndrlcal coordinate system by
reference to the coordinates of three points. The first

point defines the origin. The second Point defines the

direction of the Z-axis. The third Point lles in the plane

of the azimuthal origin. The reference coordinate system,

used to define this coordinate system, must be the

basic coordinate system.

I

I

I

i
I
i

I
I

I
I

I
1

I

Format and Example:

1 2 3 4 5 6

CORD2C A1 A2 A3

CORD2C

CID RID

5 0

+XYZ C1 C2

+CC 2•5 3.1

1.0 2.0

C3

1.9

3.0

7 8 9 10

B1 B2

1.1 2.1

B3

3.1

+XYZ

+CC

Field

CID

RID

A1,A2,A3

BI,B2,B3

CI,C2,C3

Contents

Coordinate system identification number (Integer > 0)

Identification number of the reference coordinate

system• (Integer = 0 or blank, thereby always Implylng

the basic coordinate system}

Coordinates of three Points defined in the basic

coordinate system (Real)

Remarks: le

•

•

As indicated, the value of RID (in field 3) must

be an integer 0 or blank, thereby always implying

the basic coordinate system. No non-zero integer
is allowed in this field.

The CIDs on all CORD2C, CORD2R and CORD2S cards

must be unique.

The three points (AI, A2, A3), (BI, B2, B3) and

(el, C2, C3) must be unique and non-collinear.
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4. The total number of CORD2C. CORD2R and CORD2S

o

cards used in the data may not exceed 10.

If single-field data is used, one continuation
card must be used. If double-fleld data is

used, two continuation cards must be used.
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I

I
I
I

I
I
I
I

Problem Data Card CORD2R Rectangular Coordinate System
Definition

Description: Defines a rectangular coordinate system by reference

to the coordinates of three points. The first point defines the

origin. The second point defines the direction of the Z-axls.

The third point defines a vector which, with the Z-axis, defines

the X-Z plane. The reference coordinate system,used to define this

coordinate system, must be the basic coordinate system.

Format and Example:

1 2 3 4 5 6 7 8 9 10

CORD2R CID RID A1 A2 A3 B1 B2 B3 +XYZ

CORD2R 5 0 1 .0 2 .0 3.0 1 .1 2.1 3.1 +CC

C1 C2 C3+XYZ

+CC 2.5 3.1 1.9

I
I
I

Field Contents

CID

RID

Coordinate system identification number {Integer> 0}

Identification number of the reference coordinate

system. (Integer = 0 or blank, thereby always implying

the basic coordinate system}

AI,A2,A3

i BI,B2,B3C1,C2,C3

Coordinates of three points defined in the basic

coordinate system (Real)

I Remarks: 1. As indicated, the value of RID (in field 3) must

be an integer 0 or blank, thereby always implying

I the basic coordinate system. No non-zero integeris allowed in this field.

I

I

•

0

The CIDs on all CORD2C, CORD2R and CORD2S cards

must be unique.

The three points (A1, A2, A3), {B1, B2, B3) and

{C1, C2, C3) must be unique and non-collinear.

I

|
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i

I

I
I

I
I

I
I
I

I

I
I
I

I
I

o

o

The total number of CORD2C, CORD2R and CORD2S

cards used in the data may not exceed I0.

If slngle-field data is used, one continuation
card must be used. If double-fleld data is

used, two continuation cards must be used.
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Problem Data Card CORD2S Spherlcal Coordinate System
Definition

Description: Defines a spherlcal coordinate system by reference

to the coordinates of three points. The first point defines the

origin. The second point defines the direction of the Z-axls.

The third point lles in the plane of the azimuthal origin.
The reference coordinate system, used to define this coordinate

system, must be the basic coordinate system.

Format and Example:

1 2 3 4 5 6 7 8 9 I0

_CORD2S

CORD2S

CID

5

RID

0

A1

1.0

A2

2.0

A3

3.0

BI

1.1

B2

2.1

B3 +XYZ

3. I +CC

+XYZ C1 C2 C3

+CC 2.5 3.1 1.9

i

I
I

I
I

I
I

I
I
I

Field Contents
l

CID

RID

AI,A2,A3

BI,B2,B3

C1,C2,C3

Remarks:

Coordinate system identification number (Integer>0)

Identification number of the reference coordinate

system. (Integer. = 0 or blank, thereby always implying the

basic coordinate system)

Coordinates of three points defined in the basic

coordinate system (Real)

io

m

o

As indicated, the value of RID (in field 3) must

be an integer 0 or blank, thereby always implying

the basic coordinate system. No non-zero integer
is allowed in this fleld.

The riDs on all C0RD2C, CORD2R and CORD2S cards

must be unique.

The three points {AI, A2, A3), (BI, B2, B3) and

[CI, C2, C3) must be unique and non-collinear.
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.

.

The total number of CORD2C, CORD2R and CORD2S

cards used in the data may not exceed 10.

If single-fleld data is used, one continuation
card must be used. If double-fleld data is

used, two continuation cards must be used.

32



Problem Data Card FLOTYP Flow Type Definition

Defines the type of absolute Inflow as uniform or

F_--,non_unlform and, if uniform, also specifies the inflow velocity

Format and Example:

i 2 3 4 5 6 7 8 9 I0

FLOTYP YLTYPE INVEL

FLOTYP UNIFORM 5500.

Field

FLTYPE

Contents

Type of absolute inflow (BCD). Must be either UNIFORM

to indicate uniform flow, or NUNIFORM to indicate
non-unlform flow.

INVEL Inflow velocity if FLTYPE is UNIFORM (Real). Ignored
if FLTYPE is NUNIFORM.

Remarks: i. The FLOTYP card is required; only one such card
is allowed.

l 2. Like the NLINES card (see description), the FLOTYPcard should be the first or the second card

immediately after the title and subtitle cards.
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Problem Data Card GRDSET Grid Point Default

Description: Defines default options for fields 3 and 7 of
all GRID cards.

Format and Example=

1 2 3 4 5 6 7 8 9 10

GRDSET CP CD PS

GRDSET 4 7 456

I
I
I

I
I
I

|
I

I
I

I
I
i

I

Field Contents

CP

CD

PS

Identification number of the default coordinate

system in which the locations of the grid points are
defined (Integer -_0)

Identification number of the default coordinate

system in which the dlsplacements at grid points are
defined (Integer->/-0}

Ignored in the AIRLOADS program (but used in NASTRAN)

Remarks: I. The contents of fields 3 and 7 of this card are

assumed for the corresponding flelds of any GRID
card whose fields 3 and/or 7 are blank.

e Only one GRDSET card may appear in the data. If

used, it must precede all GRID cards in the data.

. If double-field data is used, the continuation
card must be used.
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Problem Data Card GRID Grid Point Definition,

Description: Defines the location of a grid point and the

coordinate system for its displacements.

Format and Example:

1 2 3 4 5 6 7 8 9 10

GRID GID CP XX YY ZZ CD PS

GRID 10 3 1.0 2.5 5.3 5 345

I
Field

GID

Contents

Grid point identification number (Integer _ 0}

I CP Identification number of the coordinate system inwhich the location of the grid point is defined

(Integer _0 or blank)

I XX,YY,ZZ Location coordinates of the grid point in coordinate

system CP (Real, see Figure 3.1)

Identification number of the coordinate system in

which the displacements of the grid point are

defined {Integer >/ 0 or blank)

Ignored in the AIRLOADS program (but used in NASTRAN)

I
I

I
I

I

Remarks: io If a GRDSET card is present, then it must precede
all GRID cards.

. This card is processed only if the grid point
identification number has been defined earlier,

in the data deck, on a STREAML3 card.

3. All grid point identification numbers must be unique.

o If the fields 3 and/or 7 are blank, then the

default values specified on the GRDSET card (if

any) are used.

5. GRID cards are required in the data.

I
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I
I
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I
I
I

I
I
I

I

I
I
I

I
I

I
I

.

If double-field data is used, the continuation
card must be used.
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Figure 3.1 Grid Point Location and

Displacements (Ref. 7)

m 37



I

I Problem Data Card HUBTYP

I
I

I

Description:

Hub/Disk Type Definition

Defines the type of hub/dlsk, as rigid or flexible.

Format and Example:

1 2 3 4 5 6 7 8 9 10

HUBTYP HUBTYPE
,q

HUBTYP FLEXI

I
I
I

I
I
I

I
I

I

I
I
I

I

Field

HUBTYPE

Remarks:

Contents

Hub/Disk type (BCD). Must be either RIGID to indicate a

rigid hub/dlsk, or FLEX to indicate a flexlble hub/dlsk.
The default is RIGID.

i. Only one HUBTYP card may be used in the data.
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Problem Data Card INCANG Rotational Axis Inclination Angle
Definition

Description: Defines thelncllnatlon angle of the axis of rotation
of the turbosystem with the UNIFORM absolute inflow.

i

I

I
I

I
I

I
I

I
I

I
I
I

I
I

Format and Example:

i 2 3 4 5 6 7 8 9 I0

ANGLEINCANG

INCANG 10.0

Field

ANGLE

Contents

Incllnation angle (in degrees) of the rotational

axis (Real, see Figure B.2, Appendix B)

Remarks: IQ The INCANG card is required only if UNIFORM is

specified on FLOTYP card; only one such card
is allowed.
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Problem Data Card IREF Reference Streamline Identlflcatlon

Description:
streamline.

Defines the identification number of the reference

Format and Examplez

1 2 3 4 5 6 7 8 9 10

IREF REFID

IREF 30

I
I
I
I

I
I
I

I
I

I

I
I
I

I

Field Contents

REFID

Remarks:

Identification number of the reference

streamline (Integer >0) o The default is

the highest streamline identification number
defined on STREAML3/STREAML4 cards.

1. Only one IREF card may be used in the data.
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I

I

I

I

Problem Data Card MNMACH Supersonic Flow Limit

Description: Defines the lower Mach number limit for supersonic

relative flow.

Format and Example:

1 2 3 4 5 6 7 8 9 10

I

I

I

I
I
I
I

I
I

I

I
I
I
i

Field

LWRLMT

Contents

Lower Math number llmit at and above which supersonic

relative flow is assumed. (Real > 1.0).

The default is 1.01.

Remarks: 1. On1¥ one NNMACB card may be used in the data.
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I

I Problem Data Card MNPERREV Excitation Frequencies Definition

I Description: Defines the lowest of a series of eight consecutive

excitation frequencies, as integer multiple of turbosystem

I rotational speed.

I

I

I

Format and Example:

1 2 3 4 5 6 7 8 9 10

MNPERREV NN

MNPERREV 3

I
I

I
I

Field

NN

Remarks:

Contents

Defines NN-per-rev as the lowest excitation frequency

of a series of eight consecutive excitation frequencies,
in non-uniform Inflow case. Oscillatory airloads are

determined at these frequencies. (Integer > 0)

I. The MNPERREV card is ignored if the flow type
is defined as UNIFORM on the FLOTYP card.

I

I

I

2. See PREVLIST card for selectively picking

excitation frequencies.

. Only one MNPERREV card may be used in the data.

This card is ignored if PREVLIST card is also

present.

. In non-uniform inflow case, if BOTH MNPERREV and

PREVLIST cards are absent, only ONE one-per-few

excitation frequency is assumed.

I

I

I

I

I
42



Problem Data Card MXMACH Subsonic Flow Limit

I _: Defines the upper Mach number limit for subsonic

relative flow.

!
Format and Example:

I 1 2 3 4 5 6 7 8 9 10

I
I
I
I

I
I
I

I

I
I

I
I
I

I

MXMACH UPRLMT

MXMACH 0.9

Field Contents

UPRLMT Upper Mach number limit at and below which subsonic

relative flow is assumed. (0.0 < Real _ 1.0).
The default is 0.80 .

Remarks: 1. Only one _CH card may be used in the data.
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I

I

Problem Data Card NASOUT Request for Pre-Processed

NASTRAN Input

Description: Specifies whether output data compatible with

NASTRAN input requirements is generated or not.

Format and Example:

1 2 3 4 5 6 7 8 9 10

i

I
I

I
I
I

I

I
I
I

I
I

I
I

NASOUT

!NASOUT

MASFLAGI

NO

Field

NASFLAG

Contents

Flag to indicate if output compatible with NASTRAN

input requirements is to be generated or not. Must
be either YES or NO. The default is YES.

Remarks: 1. Only one NASOUT card may be used in the data.
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Problem Data Card NLINES Streamlines Specification

Description:

analysis.

Specifies the number of streamlines used in the

Format and Example:

1 2 3 4 5 6 7 8 9 i0

NLINES N

NLINES 40

I

I
I

I
I
I

I
I

I
I

I
|

Field

N

Remarks:

C@_tents

Number of streamlines (2 _Integer-_-50)

IO

D

The MLINES card is required; only one such card
is allowed.

Like the FLOTYP card (see description), the NLINES
card should be the first or the second card

immediately after the title and subtitle cards.
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i
I

I

Problem Data Card NSEGS Blade Segment Definition

Description: Defines the number of blades on the turbosyst_m.

Format and Examplez

1 2 3 4 5 6 7 8 9 10

I

I
I

I
I

I
I

I
I

I
I

I
I
I

NSEGS NBLADES

NSEGS 4

Field

NBLADES

Remarks:

Contents

Number of blade segments (Integer> I)

It The NSEGS card Is required; only one such card
is allowed.
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I

I Problem Data Card PREVLIST Excitation Frequencies List

I _: In non-uniform inflow case, defines a list of

excitation frequencies at which the oscillatory alrloads are

I determined.

I

I
I

Format and Examplez

1 2 3 4 5 6 7 8 9 I0

PREVLIST NI N2 N3 N4 N5 N6 N7 N8

PREVLIST 1 3 6 7

I

I
I
I

I
I

I
I

I
I

I
I

Field

Ni

Remarks :

Contents

Ni-per-rev are the excitation frequencies.
(Integer; 0 < N_N{i+l))

i.

.

3.

.

The PREVLIST card is ignored if the flow type
is defined as UNIFORM on the FLOTYP card.

See MNPERREV card for alternative method.

Only one PREVLIST card may be used in the data.

If this card is present, MNPERREV card is ignored.

In non-uniform inflow case, if BOTH PREVLIST and

MNPERREV cards are absent, only ONE one-per-rev

excitation frequency is assumed.
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I

I
I
I

Problem Data Card RPS Rotatlonal Speed Definition

Description: Defines the rotatlonal speed of the turbosystem.

Format and Example:

I 2 3 4 5 6 7 8 9 I0

I
RPS

RPS

SPEED

200.0

I
I

I
I

I
I

I
I
I

I
I

I
I

Field

SPEED

Remarks :

Content_

Rotational speed in revolutlons per unit time

(Real _ 0.0)

le The RPS card is required; only one such card
is allowed.
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Problem Data Card SSOUND Speed of Sound Definition

Description: Defines the speed of sound in free stream.

Format and Example:

1 2 :3 4 5 6 7 8 9 10

SSOUND SPEED

SSOUND 1.3E4

I
I
I

I
I

I
I

I
I

I
I

I
I

Field

SPEED

Remarks: 1.

Contents

Speed of sound (Real>0.0)

The SSOUND card is required; only one such card
is allowed.
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Problem Data Card STREAML3 Aerodynamic Grid Definition on a
Streamline

Description: Defines the grid points on a specified streamline,

as part of the aerodynamic grid. Oscillatory airloads are computed

at these grid points.

Format and Example=

1 2 3 4 5 6 7 8 9 10

STREAML3

STREAML3

SLID

I00

G1

12

G2

15

G3

10

G4

44

G5

33

G6 G7 G8

I
I
I

I
I

I
I
I

I
I

I
I

Field

SLID

Gi

Remarks:

Contents

Streamline identification number (Integer >0)

Grid point identification numbers (Integer >0)

le

.

e

.

e

.

At least two grid points must be specified, and a

maximum of eight grid Points can be specified.

The first grid point Specified corresponds to

to the leading edge and the last grid point

specified corresponds to the traillng edge.

All grid point identification numbers must be

unique and must be subsequently defined on GRID
cards.

The number of STREAML3 cards in the data must

equal the number of streamlines specified on the

NLINES card (see description}, and must be the
same as the number of STREAML4 cards in the data.

The streamline identification numbers specified
on STREAML3 cards must be the same as those

specified on STREAML4 cards.

The number of grid points on STREAML3 cards can

vary from streamline to streamline.

7. STREAML3 cards are required in the data.
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Problem Data Card STREAML4 Inflow Data Definition

Description: Defines inflow data characteristics.

Format and Example:

1 2 3 4 5 6 7 8 9 10

STREAML4 SLID FLDEN NCYCL NDIV

STREAML4 150 1.2D-9 3 6

Field

SLID

FLDEN

NCYCL

NDIV

Contents

Streamline identification number (Integer > 0)

Inflow density (Real > 0.0)

This is ignored in uniform Inflow case.

For non-unlform inflow, NCYCL represents the number

of cycles of variation of the absolute inflow veloclty

as seen at the leadlng edge point of this streamllne,

when the modelled blade completes one revolution

(see sketch below). (Integer-_>_--_)

This is ignored in uniform Inflow case.

For non-unlform inflow, NDIV specifies the number of

equally spaced Intervals in one cycle of absolute
inflow variation (see sketch below) .

(Integerl 5 -_< NDIV _ 30)

XCOMP,

YCOMP,
ZCOMP

of

STREAML5

Card

/
I i I i r I
i i i , I I
i i i i i
I I i L, I I

:z 3 4- NDIV
0 0
Notes

I I I

". .,'1 ",_/I
'" I I

I I

i =L

NCYCL = 3

i. O is the circumferential angle traversed by the leading

edge point of streamline,as modelled blade rotates through

one complete revolution.
2.For uniformity of reference for all streamlines, 0 =0 is

taken when time t =0, i.e., when the basic and the inertial

coordinate systems are parallel. See Appendix B.
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I
I

I
I
I
I

I
I

I
I
I

I
I

I
|

Remarks: i.

.

.

4.

The number of STREAML4 cards in the data must

eq_'al the number of streamllnes specified on the

NLINES card {see description) and must be the
same as the number of STREAML3 cards In the data.

The streamline identification numbers specified
on STREAML4 cards must be the same as those

specified on STREAML3 cards.

STREAML4 cards are required in the data.

In uniform inflow case, NCYCL and NDIV are not

required.
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Problem Data Card STREANL5 Non-Uniform Inflow Variation

Definition

Description: Defines the absolute inflow velocity components for
a streamline at equally-spaced NDIV circumferential locations,
in non-unlform inflow case (see sketch for STREAML4 card).

Format and Example:

I 2 3 4 5 6 7 8 9 I0

STREAML5 SLID DIVNO XCOMP ¥COMP ZCOMP

STREAML5 180 4 1.0E4 836.0 9.E03

I Field Contents

SLID Streamline identification number (Integer > 0)

DIVNO Equally-spaced division number (Integer > 0}

XCONP,

YCOMP,
ZCOMP

Components of absolute inflow velocity at the leading

edge point of this streamline, expressed in the

coordinate system identified on TNLCID card (Real}

Remarks: 1. STREAML5 cards are ignored if the flow type

i is specified as uniform on the FLOTYP card.

2. STREAML5 cards are required if the flow type

is specified as non-uniform on the FLOTYP card.

I 3. The streamline identification number must have

appeared earlier on a STREAML4 card.

l 4. The division number must not exceed the number of

!

!

divisions specified on the STREA/4L4 card for

the given streamline identification number.

e The number of STREAML5 cards for a given

streamline identification number must equal

the number of divisions specified on the
STREAML4 card for that streamline.

!

!

!
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Problem Data Card TNLCID Free Stream Coordinate System
Definition in Non-Unlform Inflow Case

Description: Identifies the coordinate system in which the

absolute inflow veloclty is known.

Format and Example:

1 2 3 4 5 6 7 8 9 10

TNLCID TCID
L

TNLCID 15

Field

TCID

Contents

Identification number of coordinate system (Integer > 0}

I

i

I

I

I

I

I

i

!

Remarks: i.

o

.

The TNLCID card is ignored if the flow type is
defined as uniform on the FLOTYP card.

The TCID coordinate system must be fixed in space
and time; must be defined in the inertial

coordinate system instead of the basic coordinate

system; must be a rectangular coordinate system.

If TCID is 0, or if TNLCID card is not included in

non-uniform inflow case, TCID is assumed to

coincide with the inertial coordinate system.

4. Only one TNLCID card may be used in the data.
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4. AIRLOADS AS PRE-PROCESSOR TO NASTRAN

4.1 GENERAL

The AIRLOADS program can be used as a pre-processor to NASTRAN

in conducting modal forced vibration analysls of turbosystems

subjected to excitation from aerodynamic sources (Refs. 3 and 4).

As discussed in detail in these references, the bladed disks of

turbosystems are treated as tuned cyclic structures rotating

about their axis of symmetry. Circumferential harmonic-dependent

normal modes of such tuned rotating cyclic structures are used in

formulating and solving the dynamic response problem in the

frequency domain.

Accordingly, the AIRLOADS program generates the applied

oscillatory airloads in terms of the circumferential

harmonic-dependent cosine and sine components, and- (see

Ref. 3), in the frequency domain.

The Problem Data card NASOUT is used to activate the

pre-processing capabilities of AIRLOADS (Section 3.4).

Two output files are created, in addition to the printed

output, when YES is specified on the NASOUT card. These files

can be directly used, without any modifications, in NASTRAN input

data decks. The files can be physically included at appropriate

locations in NASTRAN _, or can be included via the READFILE
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capability of NASTRAN.

To avoid any ambiguity between AIRLOADS and NASTRAN runs• the

contents of the output files completely reflect all structural

and flow conditions specified at input to the AIRLOADS program.

Hence• any changes, if planned• to the output files must be

carefully examined by the user before proceeding with subsequent

NASTRAN runs.

The output file written to UNIT 7 contains NASTRAN Case Control

Deck information. This Includes the definition of SUBCASES with

appropriate DLOAD cards for the applied airloads. FREQUENCY

card, referencing the FREQ bulk data card, is also output.

Subcase definition is further discussed in Section 4.2 .

Descriptions of DLOAD and FREQUENCY Case Control Deck cards•

taken from Ref. 7, are included in Section 4.5 .

The output file written to UNIT 8 contains NASTRAN Bulk Data

Deck information. Output cards include AERO , DAREA , DPHASE ,

FREQ , MKAERO2 , RLOAD1 , STREAML1 , _ , and TARLEDI bulk

data cards. The PARAMeters output are BOV , _ , IREF , KNOX

• KMIN , MAXP_CH , MINMACH , NSEGS , Q , and RPS . The parameters

are described in Section 4.3 . Descriptions of the other bulk

data cards• taken from Refs. 7 and 4, are presented in Section

4.6 . Additional remarks on some of these cards are given in

Section 4.4 .

The bulk data cards AERO, STREAMLIp and STRBF__are also
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useful in conductin9 modal flutter analysis of the turbosystem

(Refs. 1 and 2) .

4.2 SUBCASE DEFINITIONS IN CASE CONTROL DECK

The PARAMeter KMAX (_/0, _ NSEGS/2 for even NSEGS,

_(NSEGS-1)/2 for odd NSEGS) determines the number,

order and meaning of subcases as follows¢

The number of subcases is equal to FKMAX, where

I
I
I

I

I
I

I
I

I
I

FKMAX = I, if KMAX = 0,

= I + 2*KRAX, if 0 KMAX (NSEGS-I)/2, NSEGS odd,

= 1 + 2*KMAX, if 0 KMAX (NSEGS-2)/2 NSEGS even,

and

= NSEGS, if KMAX - NSEGS/2, NSEGS even.

SVI_ASE i {'k' = 0)

SUBCASE 2 ('k' = Ic)

SUBCASE 3 ('k' = is)

SOBCASE 4 ('k' = 2c)

SUBCASE 5 ('k' = 2s)

SUBCASE FKMAX ('k' = KMAXs).

In the event that NSEGS is even and KMAX = NSEGS/2, Subcase

FKMAX will represent 'k' = KMAXc as KMAXs does not exist.

Circumferential harmonic components of applied airloads are

specified under the appropriate subcases.
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4.3

1.

2.

3•

4•

5.

•

PARAMETER DEFINITIONS IN BULK DATA DECK

NSEGS - The integer value of this parameter is the number of

identical segments in the structural model.

CYClO - The integer value of this parameter specifies the

form of the input and output data. A value of +1 is used to

specify physical segment representation, and a value of -1

for cyclic transform representation. The value of CYCIO is

set to -i.

KMAX - The integer value of this parameter specifies the

maximum value of the harmonic index, and is used in subcase

definition.

KMIN -, The integer value of this parameter specifies the

minimum value of the harmonic index•

In NASTRAN runs, if KMIN (_0, default = 0) equals KMAX, then

Parameter KINDEX is internally defined equal to KMIN and

KMAX. User supplied KINDEX is ignored.

In NASTRAN runs, if KMIN differs from KMAX, then KINDEX

(KMIN _EINDEX _KNAX) must be specified.

RPS - The real value of this parameter defines the rotational

speed of the structure in revolutions per unit time.

MINMACH - This is the minimum Mach number at and above which

the supersonic unsteady cascade theory is valld.
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.

i0.

MAXMACH - This is the maxlmum Math number at and below which

the subsonic unsteady cascade theory is valld.

IREF - This defines the reference streamllne number.

Q - Based on the reference streamline density and veloclty on

STREANL2 card, this parameter specifies the inflow dynamic

pressure at the operating condition.

BOV - This parameter represents the ratio of the semichord

to the velocity on the reference STREANL2 card.

4.4 REMARKS ON SOME BULK DATA CARDS

AERO. The variables on this card represent the conditions for

the entire blade/turbosystem as a whole. The values of these

variables on the reference streamline are assigned to also

represent those for the entire blade/turbosystem.

The reference streamline is picked by the user (PARAM IREF},

and defaults to tip streamline otherwise.

STREAML2. This card defines the unsteady aerodynamic data for a

given streamline.

Figure 4.1 illustrates some of the definitions pertinent to

swept blade aerodynamics•

MKAER02. The reduced frequency on these cards is based on the
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semichord and velocity on STY2 card for reference

streamline.

Positive inter-blade phase angle is taken when, in the

following sketch, blade 1 LEADS the reference blade.

J
reF. _Clo_ _,e_e.
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4.5
CASE CONTROL DECK C_S

(FROM REF. 7)
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NASTRAN DATA DECK

Case Control Data Card DL_AD - Dynamic Load Set Selection.

Description: Selects the dynamic load to be applied in a Transient or Frequency Response problem.

Format and Example(s):

DLI_AD = n

DLI)AD - 73

Option

n

Remarks: 1.

2.

3.

4.

Set identification of a DL@AD, Rtl_l, RL@AD2, TLIDADI,or TribAl)2card
(Integer > 0).

The above loads will not be used by NASTRANunless selected tn Case Control.

RL_AD1 and RL_ADZmay only be selected in a Frequency Response problem.

TL_AD1 and TL_AI)2 may only be selected tn a Transient Response problem.

Either RL_AI) or TLgAD (but not both) may be selected tn an Aeroelastic Response
problem. If RLi_ADts selected, a Frequency Response ts calculated. If TL_AI) ts
selected, then Transient Response is computed by Fourier Transform.
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NASTRANDATA DECK

Case Control Data Card. EREqUENCY - Frequency Set Se]ectlon

Description: Selects the set of frequencies to be solved in Frequency Response problem.

Format and Example(s):

FREQUENCY = n

FREQUENCY = 17

n

Remarks: l.

2.

3.

Set identification of a FREQ, FREQI or FREQ2 type card (Integer > 0).

The FREQ, FREQ1 or FREQ2 cards wt11 not be used unless selected in Case Control.

A frequency set selection is required for a Frequency Response problem_

A frequency set selection is required for Transient Response by Fourier methods.
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4.6 BULK DATA DECK CARDS
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BULK DATA DECK

Input Data Card _ Aerodynamic Physical Data

b_scrtptio,l: Gives basic aerodynamic parameters.

Format and Examplet

1 Z 6 7 g 103 4 5 8

VELOCITY REFC RX_REF SYHXZ SYHXY
=' ' , i

1.3+4 lOO. 1 .-5 1

AER_

AER_

ACSID

Field

ACSID

VELOCITY

REFC

RH@REF

SYMXZ

SYMXY

Remarks: I.

Contents

Z. The ACSID must be a rectangular coordinate system.
direction.

Aerodynamic coordinate systm identification (Integer _ 0). See Remark Z.

Velocity (Real).

Reference length (for reduced frequency) (Real).

Reference density (Real).

Symmetry key for ae_ coordinate x-z plane (Integer) {+l for s_, =0 for no sym,
-I for antl-s)m).

Symmetry key for aero c_rdlnate x-y plane can be used to sl_late g_und
effects (Integer), s_code as SII4XZ.

This card is required for aer_Onamlc problem. Only one ER@ card is
all_ed.

Fi_ is in the positive x

66
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BULK DATA DECK

Input Data Card DARE___AA Dynamic Load Scale Factor

Description: This card is used in conjunction with the RLgAD1, RLtAD2, TLtAD1, and TLgAD2
data cards and defines the point where the dynamic load is to be applied with the scale
(area) factor A.

Format and Examp]e:

_REA SID P c A P c A
_REA 3 6 2 8.2 is l lO.1

g 10

Field

SID

P

C

A

Contents

Identification number of DARE/&set (Integer > O)

Grid or scalar point identification number (Integer > O)

Component number (1-6 for grid point; blank or 0 for scalar point)

Scale (area) factor A for the designated coordinate (Real)

Remarks: One or two scale factors may be defined on a stngle card.
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BULK DATA DECK

Input Data Card _HASE Dynamic Load Phase Lead

Description: This card is used in conjunction with the RL_AD1 and RLI_AD2data cards to define the
phase lead term 0 in the equation of the loading function.

Format and Example:

l 2 3 4 5 6 7 8

_PHASE SID P C TH P C TH

)PHASE 4 21 6 2.1 8 6 7.2

9 lO

Field

SID

P

C

TH

Contents

Identification number of DPHASE set (Integer > O)

Grid or scalar point identification nu_er (Integer > O)

Component nu_er (I-6 for grid point, 0 or blank for scalar point)

Phase lead B (in degrees) for designated coordinate (Real)

Remarks: One or two dynamic load phase lead terms may be defined on a single card.
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BULK DATA DECK

Input Data Card FRED Frequency List

Description: Defines a set of frequencies to be used in the solution of frequency response
problems.

Format and Example:

1 2 3 4 5 6

;REQ SID F F F F

FREQ 3 2.98 3.05 17.9 21.3

ebc F F F F F

eBC 29.2 22.4 19.3

Field

SID

F

7 8 9

F

25'.6

F F

28.8 31.2

F F F

-etc.-

Contents

Frequency set identification number (Integer > O)

Frequency value (Real > O.O)

10

abc

_C

Remarks: l. The units for the frequencies are cycles per unit time.

2. Frequency sets must be selected in the Case Control Deck (FREQ-SID) to be used by
NASTRAN.

3. All FREQ, FREQI and FREQ2 cards must have unique frequency set identification
numbers.
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Input Data Card

Description:

BULK DATA DECK

Mach Number - Frequency Table

Provides a itst of 14ach numbers or interblade phase angles (m} and
reduced frequencies (k) for aerodynamic matrix calculation.

..

Format and Example:

1 2 3 4 5 6 7 8 9 10

M_RR i'1 I kl "2 Ikz "3 k3 =4 k4 I
MKAER92 .lO 1.30 .lO .60 .70 .30 .70 1.0

i I

Field Contents

"°

1

k.

1

Remarks: 1.

List of F_ch numbers (Real > 0.0).

List of reduced frequencies (Real > O.0).

.

3.

4.

This card will cause the aerodynamic matrices to be computed for a set of parameter
pairs.

several MKAER_2 cards may be in the deck.

Imbedded blank pairs are skipped.

Math numbers are input for wing flutter and tnterblade phase angle for blade
flutter and response.
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BULK OAIA ULt_&

Input Data Card Frequency Response Dynamic Load

Description: Defines a frequency dependent dynamic load of the fom

for use in frequency response problems.

Format and Example:

1 ,2 3

_@_I SID L

RL_AD1 5 3

4 5 6 7 8 9 lO

M N TC TD

6 g 1 2

Field

SID

L

M

N

TC

TD

Contents

Set identification number (Integer > O)

Identification number of DAREA or _REAS and L_DC card set which defines A
(Integer > O)

Identification number of DELAY or DELAYS card set which defines T (Integer sO)

Identification number of DPHASE or DP_ES card set which defines I (Int_erLO)

Set identification number of T_LEDI card which gives C(f) (Integer _ O;
TC +TD > O)

Set identification number pf TABLEDI card which gives D(f) (Integer SO;
TC + TD > O)

Remarks: I.

2.

3,

4°

5.

6°

If any of H, N, TC or TD are blank or zero, the corresponding T, B, C(f), or D(f)
will be zero

Dynamic load sets must be selected in the Case Control Deck (DL_AD=-SID) to be
used by NASTRAN.

RL_AD1 loads may be combined with RLBAD2 loads on]y by specification on a DL_AD
card. That is, the SID on a RLCADI card may not be the same as that on a RL_AD2
card.

SID must be unique for all RL@AD1, RL_AD2, TL_AD1 and TL@AD2cards.

With automated multl-stage substructurlng, DAREAScards may only reference degrees
of freedom in the boundary set of the solution structure.

When L references L_ADC cards, DAREAS cards with the same set identification and
non-zero loads must also exist.
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BULK DATA DEC_

Input Data Card STREAMLI Blade Streamline Data

Description: Defines grid points on the blade streamline from blade leading
edge to blade trailing edge•

i

I

I
I

Format and Example:

1 2 3 4 5 6 7 8 g 10

STREAHL1 SLN G1 GZ G3 G4 G5 G6 G7 +ABC

r'

STREAHL1 3 2 4 6 8 10

+ABC G8 G9 -etc-

+ABC

Alternate Form:

STREAML1 5 6 THRU 12

m
Field

m SLH

Gi, GIDi

m Remarks:

Contents

Streamline number (integer > 0).

Grld point identification numbers {integer > 0).

m

m

i

I
I

•

Z•

,

4 •

5.

6.

This card is requ_(ed for blade steady aeroelastlc, blade flutter,
and response problems.

There must be one 5TREAMLI card for each streamline on the blade.

For blade d_llS_tc problems, there must be an equal number of STREAMLI"
and STREAML2 cards.

The streamline numbers, SLN, must increase with increasing radial
distance of the blade section from the axis of rotation. The

lowest and the highest SLN, respectively, will be assumed to
represent the blade sections closest to and farthest from the axis
of rotation.

All grid points should be unique.

All grid points referenced by GIDI through GID2 must exist.

Each STREAHLI card must have the same number of grid points.
nodes must be input from the blade leading edge to the blade

trailing edge in the correct positional order.

The

m

m ?2
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BULK DATA DECK

Input Data Card STREN_L2 Blade Streamline Data

Description: Defines aerodynamic data for a blade streamline.

Format and Example:

STREANL2 SLN tiSTItS STAGGER CHORD RAOIIJS/DCBDZB BSPACE

STRF.N_2 2 3 23.5 1 . 85 6.07 .886

HACH

• 934 •

DEN

.066

+abe

FLOWA/
+abc VEL SWEEP

+ABC 1014.2 55.12

Field

SL_

NSTNS

STAGGER

CHORD

RADIUS/DCBDZB

BSPACE

MACH

DEI(

VEL

FLOWA/SHEEP

Contents

Streamline number (Integer >0)

Huml>_r of computing stations on the blade streamline.

(3 { HSTIiS _ lO, Integer)

Blade stagger angle (-go.o <stagger <go.o, degrees)

Blade chord (real >0.0)

Radius of streamline fo_d_c'analysls without sweep effects

(real >0.0) or

_/)_for d_amtc analysis wlth sweep effects. C is the swept

chord and Z is the (local) spanwise reference direction (real)

Blade spacing (real >O.O)

Relative flow mach number at blade leading edge (real >O.O)

Gas density at blade leading edge (real >O.O)

Relative flow velocity at blade leading edge (real >O.O)

Relative flow angle at blade leading edge for dynamic analysis

without sweep effects (-gO.O <FLOWA <go.o degrees) or

Blade sweep angle for dynamic analysis with sweep effects

(-90.0 <SWEEP <90.0 degrees)
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Ren_rks :

1. At least three (3) and no more than fifty (SO) STREAt4L2 cards are required

for a blade d_uu_c analysis.

2. The streamline number, SLti, must be the same as |ts correspond|ng SLX on

a STRFJ_U_I card. There must be a STREAFL1 card for each STREANLZ card.

3. It, is not required that all streaml|nes be used to deftne the aerod3mam|c

matrices used in blade dynamic analysis.

4. For dyna_tcanalysts with sweep effects, the use of the NASTRAX card ts

required as folloNs:

NASTRAN SYSTEH {93) = 1

Refer to Sectton E.1 of the User's tlanual and Sectton 6.3.1 of the Programmer's

Hanual for description and placement tn the Executive Control Deck.

5. Dynamic analysis refers to both flutter and response
analyses.
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Input Data CaM TABLEDI Dynamic Load Tabular Function

Description: Defines a tabular function for use in generating frequency-del_ndent and ti,_e;
dependent dynamic loads.

Format and Example:

1

TABLEDI

FABLEDI

Iabc !"
BC i

Field

ID

Xi' Yi

Remarks:

2 3 4 5 6 7 8 9 lO

32 l )ABC

-3.0 6.9 2.0 5.6 3.0 5.6

Contents

Table identification number (Integer > O)

Tabular entries (Real)

I. The Xi must be in either ascending or decendlng order but not both.

2. Jumps between two points (XI = Xl+l) are allowed, but not at the end points.

3. At least two entries must be present.

4. Any X-Y entry may b,_ignored by placing the BCD string "SKIP" in either of the two
fields used for that entry.

5. The end of the table is indicated by the existence of the BCD string "ENDT" in either
of the two fields foll_ng the last entry. An error is detected if any continuation
cards follow the cam containing the end-of-table flag "ENIR".

6. Each T_LEDi mnemonic infers the use of a specific algorithm. For TABLED1 type
tables, this algorithm is

where X is input to the table and Y is returned. The table look-up yT(x), x - X, is
performed using linear interpolation within the table and linear extrapolation out-
side the table using the last two end points at the appropriate table end. At jump
points the average YT(X) is used. There are no error returns from this table look-up
procedure.

7. Linear extrapolation is not used for Fourier Transform method. The function is
zero outside the range.
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5. PROGRAM STRUCTURE

5.1 GENERAL

The AIRLOADS program is a stand-alone, transportable,

all-FORTRAN program.

The program comprises a main program, 60 subroutine

subprograms, and 4 function subprograms in about 6,600 llnes of

code.

I
The source of the AIRLOADS program on the CRAY 1-S computer

I system at NASA LeRC is called AIRSRCE. The executable version of

the program on CRAY is called AIRLOAD.

I All computation s are carried out in three

I Phase i reads and processes input data,

sequential Phases:

I Phase 2 performs all airloads computations, and

I Phase 3 handles all output requests.

I

I
I

Each phase is entered by a call to its driver SUBROUTINE named

PHASEi, i=l, 2, or 3 .

Subprograms for each phase are listed InTables 5.1 through

5.3.

I

I

A cross reference list by program units is presented in Table

5.4. For every subprogram in the AIRLOADS program, this Table

identifies the subprograms called by a given subprogram, and the

I

I
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i Table 5.1 Phase i Subprograms (Input Processing)

i
I

I
I
I

I

I
I
I

I
I

I

Subroutine PHASE1

INTIAL

CHECKI

CHECKR

INSORT

PAGE

REORDR

SUMMRY

HEADNG

Total 9

Function INTEG1

INTEG2

REALI
REAL2

Total 4
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Table 5.2 Phase 2

Subroutine PHASE2
PYBAR

INTGRA

INICOM

BASIC

CTRANS

T3BY3

SPCASE

GNCASE

MULTPY

TBLSBR

SIKISI

STRML

XGCALC

PLTOG

TSONIC

Subprograms

78

(Airloads Computations)

Subroutine TRINT

CRVFIT

GAUSSR

OSCSUB

GAUSS

OSCSUP
SUBA

SUBBB

SUBC

SUBD

ALAMDA

AKP2

AKAPPA

DLKAPM

ASYCON

AKAPM

DRKAPM

Total 33



Table 5.3 Phase 3 Subprograms (Output Processing)

Subroutine PHASE3TABLED
DARDPH

PUNCHBDLDRLD
PUNCHC
DENPUN

PRINT6PRTI
PRT2

PRT3PRT4
PRT5
PRT6
HBIFL0
HBOFL0
HBIFLI

HBOFLI
Total 18

I
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Table 5.4 Cross Reference List by Program Units

Program Unit Calls Called By

i
I

I
I

I
I

I
I

I
I
I

I
I

I
I

AIRLOD (Main)

PHASE1

SUMMRY

PHASE2

PHASE3

PYBAR

BASIC

CTRANS

SPCASE

GNCASE

PUNCHB

HBIFL0

HBOFL0

HB1FL1

PHASE1, PHASE2

HEADNG, INTIAL, PAGE,

REORDR, CHECKI, CHECKR,

INSORT, SUMMRY, INTEGI,

INTEG2, REAL1, REAL2

PAGE

INICOM, CTRANS, BASIC,

SPCASE, GNCASE, PLTOG,
PHASE3

PRINT6, PUNCHB, PUNCHC

INTGRA

MULTPY

T3BY3

TBLSBR, STRML, XGCALC,

OSCSUB, OSCSUP, PYBAR,
TSONIC

TBLSBR, STRML, SIKISI,

XGCALC, OSCSUB, OSCSUP,

PYBAR, TSONIC

DENPUN, SIKISI

SIKISI, TABLED, DARDPH

TABLED, DARDPH

SIKISI, TABLED, DARDPH,

DLDRLD

{Continued)

8o

m

AIRLOD (Main)

PHASE1

AIRLOD (Main)

PHASE2

SPCASE, GNCASE

PHASE2

PHASE2

PHASE2

PHASE2

PHASE3

PUNCHC

PUNCHC

PUNCHC



Table 5.4 Continued

Program Unit

m_w_m_Qmww

Calls Called By

I

i

i
I

I
I
I

I

HBOFLI

PUNCHC

PLTOG

TSONIC

TRINT

CRVFIT

OSCSUB

OSCSUP

SUBA

SUBBB

SUBC

SUBD

PRINT6

PRT4

INTIAL

CHECKI

CHECKR

DLDRLD, TABLED,

DARDPH

SIKISI, HBOFL0,

HBOFLI, HBIFL0,

HBIFL1

TBLSBR, MULTPY

TRINT

CRVFIT

GAUSSR

GAUSS

ASYCON, AKP2, SUBA

AKAPM, DLKAPM, DRKAPM,

ALAMDA, AKAPPA, SUBBB

AKAPM, AKAPPA, SUBC

AKAPM, SUBD

AKAPH

PAGE,'PRTI, TBLSBR,

PRT2, PRT3, PRT4, PRTS,
PRT6

SIKISI

(Continued)

81

PUNCHC

PHASE3

PHASE2

SPCASE, GNCASE

TSONIC

TRINT

SPCASE, GNCASE

SPCASE, GNCASE

OSCSUP

SUBA

SUBBB

SUBC

PHASE3

PRINT6

PHASE1

PHASEI

PHASEI
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Table 5.4 Continued

Program Unit

INSORT

PAGE

REORDR

HEADNG

INTEGI

INTEG2

REALI

REAL2

INTGRA

INICOM

T3BY3

MULTPY

TBLSBR

SIKISI

STRNL

XGCALC

GAUSSR

GAUSS

ALAMDA

AKP2

AKAPPA

Calls

(Continued)

Called By
m

PHASE1

PHASE1, SUMMRY,
PRINT6

PHASE1

PHASE1

PHASE1

PHASE1

PHASE1

PHASE1

PYBAR

PHASE2

CTRANS

BASIC, PLTOG

SPCASE, GNCASE,

PLTOG, PRINT6

GNCASE, PUNCHB,

HBIFL0, HBIFLI,

PUNCBC, PRT4

SPCASE, GNCASE

SPCASE, GNCASE

CRVFIT

OSCSUB

SUBA

OSCSUP

SUBA, SUBBB
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Table 5.4 Continued

Program Unit Calls Called By

DLKAPM

ASYCON

AKAPN

DRKAPN

TABLED

DARDPH

DLDRLD

DENPUN

PRT1

PRT2

PRT3

PRT5

PRT6

(Concluded)

SUBA

OSCSUP

SUBA, SUBBB, SUBC,
SUBD

SUBA

HBIFL0, HBOFL0,

HBIFL1, HBOFL1

HBIFL0, HBOFL0,

HBIFLI, HBOFL1

HBIFL1, HBOFL1

PUNCHB

PRINT6

PRINT6

PRINT6

PRINT6

PRINT6
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subprograms that call a given subprogram.
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Extensive and frequent comments have been inserted in the

AIRLOADS source code contained in AIRSRCE for easier understanding

of the program logic.

Summary descriptions of AIRLOADS subprograms are presented, by

phase, in the following subsections.

5.2 PHASE I SUBPROGRAMS

PHASE1. Reads and processes user input data. Checks the syntax

of the data, and tests its valldlty, consistency, and

completeness.

Due to its direct interface with the user input data, this

routine embraces user-friendliness in its design. An echo of the

entire input data is always printed. The data is then processed

on a card-by-card basis. If errors are detected In the data,

appropriate and descriptive error messages are printed out for

user's information. If there are no errors in the data, the

program prints a summary of the input data, and continues

execution.

Detection of a data error does not necessarily terminate the

execution immediately. Instead, the routine continues to process

as much additional input data as is permitted by the error

condition. Thus, in any given execution, the routine checks the

validity of as much input data as possible.
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CHECKI. Checks the valldity of integer data values.

CHECKR. Checks the validlty of real data values.

HEADNG. Prints the heading page of the output.

INSORT. Performs an in-core sorting of an array of entrles

based on a specified item in the entries.

INTEG1. Converts an array of 8 characters (single-fleld data}

to an integer value.

INTEG2. Converts an array of 16 characters (double-fleld data}

to an integer value.

INTIAL. Specifies the permissible input data card types and

their allowability.

PAGE. Prints a new page of the output with the title, subtitle,

date of run, and page number.

REAL1. Converts an array of 8 characters {single-field data) to

a real value.

REAL2. Converts an array of 16 characters (double-field data)

to a real value.

REORDR. Converts an array of 8 characters to a left-justifled

array with blank-fill to the right.

I

I
I
I

SUMMRY. Prints a summary of the input data.
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5.3 PHASE 2 SUBPROGRAMS

PHASE2. This is the driver routine for all Phase 2

computations. Based on the flow type being uniform or

non-uniform, this routine calls SPCASE or GNCASE. Airloads are

transformed to the grid points displacement {global) coordinate

systems by a call to PLTOG. Finally, PHASE3 is called to handle

all output.

I

I
I

I
I
I

I
I

I
I

I
I

PYBAR. On a given subsonic or supersonic chord, this routine

calculates the point loads in the positive _ direction of the

local (chord) coordinate system at all grid points on the chord.

INTGRA. Calculates pressure Integrals between two grid points

on given chord.

INICOM. Initializes arrays in some calculated common blocks.

BASIC. Calculates basic coordinates of all STREAML3 grid points

for all chords.

CTRANS. Calls T3BY3 for transformation matrices for all

coordinate systems used in the problem.

T3BY3. Calculates the 3 by 3 transformation matrices for

rectangular, cylindrical, and spherical coordinate systems used in

the problem.

SPCASE. Is the driver for uniform flow airloads calculations.

Airloads are computed for all subsonic and supersonic chords.

Transonic chords are identified, and TSONIC is called to

interpolate loads. All airloads are computed in respective

86

|



I
I

I

I
I
I

I
I

I
I

I
i

!

i
!
!

!

streamline coordinate systems.

GNCASE. This routine is the driver for non-unlform flow

airloads calculations. Airloads are computed at all

user-specified excitation frequencies. Computations are carried

out similar to those in SPCASE.

MULTPY. Returns the product of two given matrices.

TBLSBR. Computes the coordinate transformation matrix from the

basic to the local (chord) coordinate system on chord_-.

SIKISI. Computes the Inter-blade phase angle, circumferential

harmonic index, and sign of the factor relating the cosine and

sine components of applled airloads.

STRML. Generates data for STREANLI and STREAML2 bulk data

cards.

XGCALC. On a given chord, calculates thex-coordlnates of

STREAML3 grid points in local (chord) coordinate systems.

PLTOG. For all grid points on all streamlines, transforms the

grid point loads from the respective local (chord) coordinate

systems to grid point global (displacement) coordinate systems.

TSONIC. Handles interpolation of transonic alrloads based on

Mach numbers. Calls TRINT.

TRINT. Performs interpolation for transonic airloads on a given

chord. Calls CRVFIT.

CRVFIT. This routine is used by TRINT to obtain polynomial
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coefficients for known alrloads distribution.

GAUSSR. Solves for X from A.X-B, real matrices.

OSCSUB. Calculates oscillatory pressure distribution on a given

subsonic chord. Uses GAUSS.

OSCSUP. Calculates oscillatory pressure distribution on a given

supersonic chord. Uses SUBA, SUBBB, SUB(:, SUBD, ALAMDA, AKP2,

AKAPPA, DLKAPM, ASYCON, AKAPM, and DRKAPM.

I

I

I

I
I
I

I

5.4 PHASE 3 SUBPROGRAMS

PHASE3. This is the driver routine for handling all output from

AIRLOADS program. PRINT6 is called for printed output written to

UNIT 6. If NASTRAN pre-processing is requested on NASOUT card,

PUNCHB and PUNCHC are also called to write output to UNITS 7 and

8.

TABLED. Writes TABLEDI double-field cards tO UNIT 8.

DARDPH. Writes DAREAand DPHASE cards to UNIT 8.

PUNCHB. Writes AERO, STREAMLI, STREAML2, FREQ, MKAERO2, and all

but KMAX and KMIN Parameter cards to UNIT 8.

DLDRLD. In non-uniform flow case, writes DLOAD and RLOADI bulk

data cards to UNIT 8.

PUNCHC. Writes case control subcase definition cards to UNIT 7.

Writes Parameters KMAX and KMIN to UNIT 8. Calls appropriate

88



I

I
I

I

routines (HBOFL0, HBOFLI, HBIFL0, or HBIFL1) based on hub and flow

types to calculate RLOAD1 and related bulk data cards.

DENPUN. To breakdown and rearrange a given density value so

that it may be written in an eight-column field with four digits

following the decimal point.

I
I

I

PRINT6. Handles all output to UNIT 6.

PRT1. Writes streamline title on printed output.

I

I
I

I

PRT2. Writes streamline information, for a given streamline, on

printed output.

PRT3. Prints the basic to local (chord) coordinate system

transformation matrix.

PRT4. Prints oscillatory relative inflow information.

PRT5. Prints oscillatory airloads in streamllne (chord}

coordinate system.

I PRT6. Prints oscillatory airloads

(displacement) coordinate systems.

I

I
I

in grid point global

I
I

I
I

HBIFL0. For flexible hub/disk and uniform Inflow case, handles

RLOAD1, DLOAD, TABLEDI, DAREA, and DPHASE cards.

HBOFL0. For rigid hub/disk and uniform inflow case, handles

RLOAD1, TABLED1, DAREA,and DPHASE cards.

HBIFLI. For flexible hub/disk and non-uniform inflow case,

handles Parameters KMAX and KMIN, and TABLED1, DAREA, DPHASE,
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DLOAD, and RLOAD1 bulk data cards.

HBOFL1. For rigid hub/disk and non-uniform inflow, handles

DLOAD, RLOAD1, TABLED1, DAREA, and DPHASE bulk data cards.

9O



I

I

I

I

I

I
I

I
I

I
I
I

I
I

I
I

I
I

6. ILLUSTRATIVE EXAMPLES

6.1 GENERAL

Two examples are presented to illustrate the oscillatory

airloads generation and NASTRANpre-processlng capabilltles of the

AIRLOADS program.

An elght-bladed single-rotatlon advanced turboprop with SR-3

(NASA designation) type swept blades is selected as an example of

a turbosystem (Figure 6.1).

For both illustrative examples, the swept blades of the

O

turboprop are set at angle of 60.8 with the plane of rotation,

when measured at 3/4 tip radius. The prop rotates at a constant

-3
8000 rpm. The freestream Inflow density is 1.9034 x 10 lbf -

sec_/ft _ . The hub is considered rigid as compared to blades.

6.2 EXAMPLE I, UNIFORM INFLOW

For example I, uniform Inflow is considered at 0.798 Mach

number and 873 fps inflow velocity. The prop azls is incllned at

2" with the absolute uniform Inflow.

It is desired to use the AIRLOADS program to generate the

oscillatory alrloads distribution on the blades, and create the

NASTRAN input files for case control and bulk data decks.
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Figure 6.1 An Eight-Bladed Single-Rotation

Advanced Turboprop
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The aerodynamic model consisting of grid points selected on

seven swept chords spanning the blade is shown in Figure 6.2.

Oscillatory airloads are computed at these grid points. The only

possible excitation frequency is given by the rotatlonal speed of

the turboprop, and equals 133.33 Hz.

The input and output for this example are presented in Sections

6.4 and 6.5, respectively.

6.3 EXAMPLE 2, NON-UNIFORM INFLOW

For example 2, a selective non-unlform inflow is prescribed as

follows:

IO A rectangular tunnel coordinate system is specified, in terms

of inertlal coordinate system, as shown in Figure 6.3 . The

inflow veloclty is assumed along X T axis. For all but the tip

chord (Figure 6.2), this value is fixed at 873 fps, like in

example 1 .

o For the tip chord, the absolute inflow veloclty is again

restricted to X T axis. The velocity is given by

V(O) - 873 + 87.3 cos 2e , fps,

where o _ _ _ I_ is measured in the direction of rotation.

=0is taken when the Inertial and basic coordinate systems

are parallel (see Appendix B).

3. An inflow Mach number of 0.798 based on the 873 fps velocity
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I Figure 6.2 Aerodynamic Model of SR-3 Blade
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Freestream (Tunnel) Coordinate System

for Example 2
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uniquely establishes the speed of sound, llke in example I .

AIRLOADS is used to calculate oscillatory airloads distribution

on the blades at 1-, 2-, and 3- per-rev excitation frequencies.

Airloads at 1-per-rev frequency for all but the tip chord are

directly comparable to those from example I .

The input and output, includlng pre'processed data files for

NASTRAN, are presented in Sections 6.6 and 6.7 .
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6.4
INPUT FOR UNIFORM INFr___W _RX_J_qPLE
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6.5
OUTPUT FROM UNIFORM INFLOW _R__qMpLR
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APPENDIX A

AERODYNAMIC EXCITATION PARAMETERS

A °I GENERAL

Determination of Inter-blade phase angles, excitation reduced

frequencies, circumferential harmonic Indices, and the relation

J between the cosine and sine components of applied alrloads are

described. All cases addressing the turbosystems wlth flexlble

I or rigid hubs/dlsks placed In uniform or non-unlform Inflow are

considered.

A ,.2 INTER-BLADE PHASE ANGLE S

The possible Inter-blade angles are determined by factors

concerning the nature of the Imposed aerodynamic excitation. The

following points are noted here to define the inter-blade phase

angles:

i. At any given instant of time, equation (7) of Section 2

defines the relatlve veloclty components at the leadlng edge

I

I
I

I

•

point of any chord on the reference/modelled/n-I blade.

blade is also identified in Figure A.1.

This

At the same instant, the relative velocity components at the

corresponding point on any other (say, n %k.) blade can also

be obtained from equation (7), Section 2, when

1_
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.Zs Z

_B" ._.._ --n_-I'b_°d: lled .a.d:

( o-,\ ¥_., \

^ ?
__. = .a.I_ _,_,..= .._ _:

..n_ > o ...rL ,_- o

.a,,

I

NOTES

1._is the angular velocity of the XsYsZ s

coordinate system w.r.t, the X_YzZzCoord.system.

2. Modelled sector.is always n=l st. sector.

3. Sector, and side numbers within a sector,
increase in the direction of ]_-_I .

Figure A.I Cyclic Sector and Side Numbering
Convention (Ref. 3)
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I

I o,_L i.replaced by T I3L_. where

I

I
I

_LI" -- T _L

with

!

o

o

O O

Z" _= t 2. _oo

p P I

I and

b)IWA_Tunnel and O_A

I blade.

are considered for the n4_ ,

I 3. FinallY, the ratio of the oscillatory part of velocity

i oomponentVA_ an the nth. blade to that on-the (n+l}th.

blade yields the Inter-blade phase angle_- as

!
osc ( vA )_ , n_. _I_o

= _ (A3)

This definition of 0- is consistent with that ofRef. 8 .

The above procedure is used in defining

following cases.

o" in each of the

A..3 RIGID HUB/DISK, UNIFORM INFLOW

Excitation Reduced Frequency

I -ib7

(A1)

(A2)



With the turbosystem axls of rotation misaligned at a small

angle with the uniform Inflow velocity, the only excitation

frequency is given by

(A4}

where -cu is the angular velocity of rotation of the

turbosystem.

The corresponding reduced frequency for the blade is defined

with any of its chords selected as reference:

VH s_¢ _

I "where _and V_,_ are the semi-chord and cascade relative

inflow velocity, respectively, for the reference chord.

I
I
I

I
I

I

Reduced frequencies for other chords are scaled from the above

blade value.

Inter-Blade Phase Angle

This is given by

_)_e = -- 2T_ / KJ (A6}

with N being the total number of cyclic segments in the

structure.

I Circumferential Harmonic Index

I
158
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The only permissible value is 0 • together with the

requirement that the degrees of freedom on the segment boun_az.ies

I be constrained to zero_.
_ _ -_

Relation Between ,,_.. and p

These components of applied alrloads are described in

in Section 4 . For the rigid hub/dlsk and uniform inflow case•

is identically zero, and only F exists.

A .4 RIGID HUB/DISK, NON-UNIFORM INFLOW

ExcitationReduced Frequency-

The possible excitation frequencies are based on the

circumferential harmon£c contents of the spatlally non-unlform

inflow, and are given by

where p takes on the positive integer values of the

(AT)

above-mentioned inflow harmonics.

I

I

Reduced frequencies are as per equation

equation (A7).

Inter-Blade Phase Angle

{A5) with 's from

I
I
I

Permissible inter-blade phase angles are obtained from d" =

-_.z_/_ . However, in order to conveniently determine the

159



I associated structural circumferential harmonic index, especially
f

in the flexible hub/dlsk non-unlform inflow case, the inter-blade : _.

| "phase angles are written as. follows:

(A8)

(A9)

Circumferential Harmonic Index

I The only permissible value is 0, together with the requirement

that the degrees of freedom on the segment boundaries be

I constrained to zero.

I Relation Between and

I Only type loads exist.

f

A .5 FLEXIBLE HUB/DISK, UNIFORM INFLOW

Excitation Reduced Frequency

The only admissible frequency is

(AIO)

! 160



I

Inter-Blade Phase Angle

Only one inter-blade phase angle exists_

.
Circumferential Harmonic Inde__.___x

The only possible index can be written as

_Relation Between M and. F

These two load components are related as

I where the + sign applies if _-_ o , and

otherwise.

!

the - sign applies

! A .6 FLEXIBLE HUB/DISK, NON-UNIFORM INFLOW

!
Excitation Reduced Frequency

! The possible excitation frequencies are

!

I 161



where p is a positive integer reflecting the circumferential

harmonic contents of the spatially non-unlform inflow.

Reduced frequencies, in turn, are obtained from equation -(-_).--

Inter-Blade Phase,Angle

The permissible valuesare computed as per equations .(AS) and

(A9).

Circumferential Harmonic Index

For selected excitation harmonics p, the permissible

circumferential harmonics representing the structural motion are

III _ = I_ I/( _/-_ --

givenby

I where 0_'$ are from equations (AS) and (A9) •

I Relation Between ]_k_ and

I

I
I
I

This is described by equation (A13).

I

I 162

(AI 5 )



I
I

I

APPENDIX B

COORDINATE SYSTEMS

Due prlncIpally to Its NASTRAN pre-processlng capabillty, the

AIRLOADS program utillze#a number of coordinate systems which

I

I
I
I

I

provide user convenience in input data preparation. Figure B.I

illustrates these coordinate systems for an advanced

turbopropeller with its axis of rotation mounted at an angle with

respect to the tunnel mean flow_

Each of these coordinate systems is described as follows,

- XTYTZ T Tunnel coordinate system

* This is defined to conveniently specify the velocity

components of the spatially non-unlform tunnel free

stream. It can be suitably oriented based on the

available tunnel data. In the special case of

aerodynamic excitation in uniform inflow, the tunnel

i coordinate system is oriented such that the XTZ T plane

i is parallel to the XIZ I plane of the inertial

coordinate system as shown in Figure B.2. The origin of

i the XTYTZT system is arbltrarily located. The

inclination angle of the turbosystem axis of rotation

I with respect to the tunnel flow also lles in a plane

i parallel to XIZ I plane.

I

I

The uniform flow is directed

along +X T axis.

- x_ I Inertial coordinate system

I
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NOTES

I. Planes

to XIZ I

POOR _G AL(_ _'

ZIZ2Z3 and XTZ T need only be parallel

2. X I axis is parallel to Z3Z 2

3. XT axis is parallel to ZIZ 2

4. Uniform Inflow is along +_

Inertial ZTcoo=o
Tunn_

X1 _ coor_

syste

I

Uniform

___/_. Z__._- _ Inflow

I
I

I
I

I
I

I
I

Figure B.2 Turboprop Axis Inclination Angle and

.Tunnel Coordinate System Orientation

in Uniform Inflow Case
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* In the present problems this coordinate system is used

to relate the quantities in the tunnel and the basic

coordinate systems. The orientation of this coordinate

system is completely arbitrary except for the X I axis

to be parallel toe and in the direction ofw X B axis of

the basic coordinate system described next. The zero

reference for time/phase measurements is defined when

the inertial and the basic coordinate systems are

parallel.

All of the followingNkSTR_ coordinate systems are fixed to

the rotating turbosystem.

- X BY _ B Basic coordinate system

* This coordinate system has its X B axis coincident with

i the turbosystem axis of rotationw and directed
aftward. Location of the origin is arbitrary. The

X contains (approximately) the maximum

planform of the modelled blade. The definition of this

I coordinate system is consistent with the theoretical

!

I

developments of the 2-d cascade unsteady aerodynamics

presently incorporated in the Bladed Disks Computer

Program (Ref. 1).

I

I

- XY Z
sss

(Blade) shank-fixed coordinate system

* The principal advantage of this shank-flxed coordinate

!

!



system is in modelling changes In the blade setting

angles by a si:ple 3 x 3 transformationaatrix relating

to the basic coordinate system. S s coincides with the

blade shank axis. The definition of the coordinate

system otherwise is arbitrary.

- XOYGZ G Grid point location and dlsplacemsnt coordinate

systems

/k Jkny number of such rectangular, cylindrical, or

spherical coordinate systems can be completely

arbitrarily defined to locate grid points of the

NASTRkN a_del, as well as request output at these grid

I points. All of the XGYGZ G coordinate systems used for

output requests collectively form the NkSTRkN global

I coordinates system.

I
i

I

x_y_z_ Internally generated coordinate system on swept

chord §

* This coordinate system is generated within the present

Bladed Disks Computez'Program, and is used to define

I

I
I

flow and motion properties for the unsteady aerodynamic

theories on a given swept chord _. It is located at

the blade leading edge with the _- directed aftward
s

along the chord _. _- is defined normal to the blade
S

local mean surface.

!

I

I
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SYMBOLS

Transformation matrix

Circumferential harmonic index, reduced frequency

Semichord

Cascade relative inflow Mach number

Number of blades on turbosystem

n th. cyclic sector

Load vector

Transformation matrix

Time r

Cascade relative inflow velocity

Chord local coordinat_s

Inclination angle of turbosystem axis of rotation

Sweep angle

Stagger angle

Mass density of flow

Inter-blade phase angle

Rotational speed

Circular frequency

Subscripts

Grid point on chord

Chord

Local ( chord ) coordinate system
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Bib

Gig

Lwl

n

s

Superscripts

Basic coordinate system

Global coordinate system

Local coordinate syste m

n th. cycllc sector

Chord

Fourier coeff£clents ('sy_netrlc components')
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